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(54) A transparent anti-fog coating 

(57) The present invention is directed to an anti -fog- 
ging coating that can be used for anti-fog applications. 
The coating is transparent, and comprises a hydroxy! 
group containing polymer, an aluminum containing 
crosslinker. and a surface active agent containing 
hydroxy! and/or siloxane groups. Additionally, the coat- 
ings possess a Tf^g of greater than about 30 minutes 
and a haze of less than about 5%, and can advanta- 
geously be used to provide to glass or plastic substrates 
an antl-fogging surface. 
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Description 
P^(l0ffth^ Inventipn 

5 This invention relates to a coating composition and more particularly to a coaling composition that can be used for 
anti-fog applicalions. 

Background off the Invention 

10 For many years, there has been a need for a fog free (anti-fbgging) coating that can absorb and release moisture 
and provide an anti-fog property under a variety of environmental conditions. Glass or plastic materials used for win- 
dows, mirrors, lenses, goggles, and facial wasks or shields become foggy when they are exposed to high humidity and 
temperature, or used at interfacial boundaries with a large difference in temperature or humidity. Fog is caused by the 
condensation of moisture on the surface. To reduce or eliminate this problem, a coating that absorbs and releases mois- 
ts ture simultaneously is needed. A nunber of designs have been proposed for this application. For example, U.S. Patent 
5,244,935 describes a UV curable amide polymer, U.S. Patent 5,11 6.442 describes a polyethylene oxide system, U.S. 
Patent 4,609,688 desaibes a crosslinked polyurethane system, U.S. Patent 5,075,133 describes a crosslinked 
poly(vinyl alcohol) coating, U.S. Patent 4,478,909 describes a poly(vinyl alcohol)-silica system, U.S. Patent 4.127,682 
. describes a crosslinked poly(vinyl alcohol) coating, U.S. Patent 4,467,073 describes a poly(vinyl pyrrolidohe) based 
20 system, U.S. Patent 3,933.407 desaibes an acrylicsiloxane system, and U.S. Patent 3.865,619 describes a crosslinked 
caftx)xylic acid-acrylic acid ester system. Although the above noted designs have addressed some of the problems in 
the field, none provides a total solution to the anti-fog application. For exarrpte, most of the designs have low moisture 
absorptivity, long moisture release time, and poor water and solvent resistance. Some of the designs also have ineffi- 
cient fabrication processes. e.g., a long coat curing time. Moreover, a majority of anti-fog materials used in the markets 
25 today cannot be used repeatedly due to the poor water and low abrasion resistance possessed thereby To be useful in 
nrtost commercial applications, the anti-fog coating should possess high clarity, be able to absorb and release moisture 
simultaneously, possess abrasion resistance, and be able to resist water and conventional organic solvents, such as 
alcohols, alkylbenzenes (e.g.. toluene), glycol ethers (e.g., propylene glycol monomethyl ether), and alkyi ketones (e.g.. 
methyl ethyl ketone). 

30 

Nummary off th? Invention 

We provide for a transparent anti-fog (fog-free) coating composition that can be used to provide a transparent anti- 
fog coating to a base substrate, wherein the coating so provided possesses high clarity, fast moisture absorption and 
35 release properties, abrasion resistance, and water and conventional organic solvent resistance. 

The anti-fog coating compositions can be used in a wide range of environmental conditions. Because of their water 
resistance, coatings prepared with the inventive compositions can be used in both tenrporary and semiisermanent anti- 
fog applications. 

The anti-fog coating compositions of the present invention comprise a polymer containing hydroxyl groups, an alu- 
40 minum containing crosslinker and a surface active agent containing hydroxyl and/or siloxane groups. The present inven- 
tion also provkJes for glass and plastic articles having an anti-fogging surface, wherein such articles comprise a glass 
or plastic subsb'ate having at least a portion of an exterior surface tiiereof coated witii an anti-fog coating composition 
of the present invention. Exemplary of such articles are windows, mirrors, lenses, goggles, facial masks and shields, 
and glass and plastic sheets more generally Preferably, tiie kase substrate to which tiie anti-fog coating composition is 
45 applied is transparent 

Detailed Description of thg invention 

In tile present invention, there is provided an advantageous anti-fog coating composition. The anti-fog coating com- 
50 position of the present invention comprises one or more polymeric materials containing hydroxyl groups, an aluminum 
containing crosslinker, and one or more surfeice active agents containing hydroxyl and/or siloxane groups. 

The hydroxyl group containing polymeric material provides moisture absorptivity to tfie coating. Preferably, the 
hydroxyl group containing polymeric material is present in the coating composition in an amount of about 10 to about 
80 wt%, based on the total weight of solids in tiie coating composition. More preferably, tiie hydroxyl group containing 
55 polymeric material is present in the coating composition in an amount of about 20 to about 60 wt%, based on the total 
weight of solids in the coating. Exemplary of such hydroxyl group containing polymeric materials are poly(vinyl alcohol), 
poly(vinyl acetate), cellulose etiiers. mixtures ther^, and tiie like. 

The aluminum containing crosslinker reacts with hydroxyl groups of tfie "hydroxyl group containing polymeric mate- 
rial" to tiiereby form a polymer network. The crosslinking reaction imparts water and organic solvent resistance to tiie 
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inventive anti-fog coatings. Preferably, the concentration of the atuminum containing crosslinker ranges from about 20 
to about 90 wt%, based on the total weight of solids in the Inventive coatings. More preferably, the concentration of the 
crosslinker ranges from about 40 to about 80 wt%, based on the total weight of solids in the coatings. In order to have 
desired clarity, the average dispersed particle size of these crosslinkers should be less than about 1 micrometer. 

5 The present invention preferably employs aluminum-containing crosslinkers which contain therein a relatively high 
concentration of hydroxyl groups. The hydrQ)cyl groups associated with such aluminum-containing crosslinkers not only 
provide reactive sites for polymer network formation, but also improve the moisture absorption and release properties 
of the inventive coatings. In addition, the use of these types of aluminum-containing crosslinkers provide improved abra- 
sion resistance to the inventive coatings. This improved abrasion resistance is believed to result from a reaction which 

TO takes place between the hydroxyl groups of the aluminum-containing crosslinkers and hydroxyl groups of the hydroxyl 
group containing polymers. Typical examples of such aluminum-containing crosslinkers are atuminum oxide, aluminum 
salts, alumina hydrate, aluminum hydroxide, pseudo-boehmite. boehmite alumina, and the like. 

The surface active agents present in the inventive anti-fog coating compositions contain hydroxy! and/or siloxane 
groups. Surface active agents provide both moisture absorptivity and improved wettability to the coating compositions. 

IS Typical examples of surface active agents which are useful in the present invention include nonoxynol, silicone glycol, 
poly(oxy-1 ,2-ethanediyl)-a!pha(nonphenyl)omega-hydroxy, ethoxylated acetylenic diol, glyceryl monooleate. polyether 
modified dimethylpolysiloxane, mixtures thereof, and the like. Preferably, the surface active agent is present in the coat- 
ing composition in an amount of about 0.05 to 10 wt%, based on the total weight of solids in the coating composition. 
More preferably, the surface active agent is present in the coating composition in an amount of about 0.1 to 5 wt%, 

20 based on the total weight of solids In the coating composition. 

The coatings of the present invention are prepared by mixing together the ingredients of the coating in a coating 
composition, treating (e.g., heating) the coating conposition to form a crosslinked polymeric network, and then forming 
an anti-fog coating layer with the coating composition. Suitable temperatures and times for forming the crosslinked pol- 
ymeric network in the coating composition preferably range from about lOO'^C to about ISO^'C, and from about 2 to 

25 about 15 minutes, respectively These temperatures and times are not limiting to the present invention, however, since 
those of ordinary skill in the art will recognize that the temperatures and times utilized will vary according to the actual 
physical characteristics of the formed coating (e.g., coating layer thickness, etc.). Even so, as a general rule, the higher 
the treating temperature utilized - the quicker the crosslinked polymeric network forms in the coating composition. 
The coalings of the present invention are typically used to provide anti-fog properties to a base substrate's surface. 

30 wherein the base substrate comprises a plastic or glass material. Suitable plastic materials for the use in the base sub- 
strate include polyester, cellulose esters, polycartxmate, polystyrene, poly(vinyl acetate), polyolefins. and the like. All 
glass materials are suitable for use in the base substrate. 

The tiiickness of the base substrate is not particularly restricted, and usually depends entirely upon the application. 
The base substrate may be pretreated to enhance adhesion of the anti-fog coating thereto. 

35 Any number of coating metiiods may be employed to coat one of the present inventive anti-fog coatings onto a sur- 
face of a desired base substrate. For example, roller coating, wire-bar coating, dip coating, extrusion coating, air knife 
coating, curtain coating, slide coating, blade coating, doctor coating, or gravure coating, may be used and are well 
known In the art. 

The coat weight of the anti-fog coating is not particularly restricted, but should generally be in tiie range from about 
40 1 g/m^ to about 1 0 g/m?, preferably from about 2 qfrr? to about 6 g/m^. 

The anti-fog property of the inventive coatings is expressed by the value T^og. which is the time it takes to form a 
fog on a surface of the present inventors' coating. The anti-fog property is evaluated by exposing the coating to steam 
from boiling water at a 20 centimeter distance from tiie water's surface in an environment of 50% RH (relative humidity) 
and 22^C. The present inventors' coating compositions provide anti-fog coatings having a T^^^ of greater than about 30 
45 minutes, i.e., no fog is formed on a surface of said coating within about 30 minutes under the testing conditions 
described. 

Coating clarity is expressed by haze value and is measured on a BYK GARDNER XL-21 1 Hazegard System. The 
present inventors' coating compositions provide anti-logging coatings that possesses a haze value equal to or less tiian 
about 5%. 

so The water resistance of the invoitive coatings is expressed by a value termed "Water Resistance Index (WRI)". 
WRI is measured by rubbing a coating made from one of the present inventors' coating compositions witii a wet cotton 
pad (e.g., MULTILITH Pad) saturated with water. A unit of WRI represents one rubbing across the coating. The present 
inventors' coating compositions provide antl-fbg coatings having a WRI of greater than 8. i.e., the coatings are not dam- 
aged by eight rubbings. 

55 The organic solvent resistance of the coatings is expressed by a value termed "Solvent Resistance Index (SRI)" 
and is measured by rubbing a coating made from one of the present inventors' coating compositions with a wet cotton 
pad saturated with solvent. Typical solvents used for the evaluation of SRI include alcohols, metiiyl ethyl ketone, propyl- 
ene glycol monomethyl ether, and toluene. A unit of SRI represents one rubbing across tiie coating. The present inven- 
tors' coating compositions provide anti-fog coatings which possess an SRI of greater than 8, i.e.. the coatings are not 



3 



EP 0 747 460 A1 



damaged by eight rubbings. 

In practice, various additives may also be employed in tlie inventive coating compositions and coatings. For exam- 
ple, such additives can indude antistatic agents, particulates which control the friction or surface contact areas, 
defoamers, and buffers to control pH of the coating compositions, among otiier properties, of tiie coating compositions 
5 and the coated substrates encompassed hereby. Other additives may also be used, if desired. 

The following examples are given merely as illustrative of the present discovery and are not to be considered as 
limiting thereto. 

EXAMPLE 1 

10 

A coating composition was prepared according to the following formulation: 



Poly(vinyl alcohol)^ 


2.65 parts 


Boehmite alumina^ 


5.28 parts 


Potyether modified dimetiiylpolysiloxane^ 


0.08 parts 


Water 


92.00 parts 


1 . Air Products arxJ Chemicals Company. 

2. Vista Chemical Company 

3. BYKChemte USA 



25 The anti-fog coating was applied to a polyester film (101) using a No. 24 Meyer rod. The coating was dried In an oven 
at about 1 50*^0 for about 2 minutes. 

EXAMPLE 2 

30 A coating composition was prepared according to tiie following formulation: 



Hydroxyethyl cellulose 


0.85 parts 


Boehmite alumina 


1.70 parts 


Potyether modified dimetirylpolysiloxane 


0.025 parts 


Silicone glycol^ 


0.025 parts 


Water 


97.35 parts 


1. PPG Industries 



The anti-fog coating was applied to a polyester film (iCI) using a No. 24 Meyer rod. The coating was dried in an oven 
45 at about 1 SO'^C for about 2 minutes. 

The present inventive discovery is not to be construed as being limited by tiie above given exanriples. or the above 
detailed disclosure relating thereto, since those of ordinary skill in the art will readily realize that various changes and 
modifications can be made in the materials and procedures set forth herein, without departing from the spirit or scope 
of the present inventive discovery. Each of the publications and patent documents which have been referred to herein, 
so are incorporated herein by reference in their entirety. 

Claims 

1 . An anti-fog coating comprising: 

55 

a hydroxyl group containing polymer; 
an aluminum containing crosslinker; and 

a surface active agent containing hydroxyl groups, siloxane groups or a mixture of said groups. 
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2. The coating according to claim 1, wherein said hydroxyl group containing polymer Is present in said coating in an 
amount of about 10 to about 80 wt%, based on the total weight of solids in said coating. 

3. The coating according to claim 1 . wherein said aluminum containing aosslinker is present in said coating in an 
5 amount of about 20 to about 90 wt%. based on the total weight of solids in said coating. 

4. The coating according to claim 1 . wherein said hydroxyl group containing polymer is selected from the group con- 
sisting of poly(vinyl alcohol), poly(vinyl acetate), cellulose ethers and mixtures thereof. 

10 5. The coating according to claim 4, wherein said hydroxyl group containing polymer is a homopolymer. 

6. The coating according to claim 4, wherein said hydroxyl group containing polymer is a copolymer. 

7. The coating according to claim 1 , wherein said aluminum containing crosslinker is selected from the group consist- 
IS ing of aluminum oxidep aluminum hydroxide, boehmite alumina, alumina hydrate, pseudo-boehmite, an aluminum 

salt and mixtures thereof. 

8. The coating according to claim 1 , wherein said surface active agent is selected from the group consisting of non- 
oxynol. silicone glycol. poly(oxy*1,2-ethanediyl)-alpha(nonphenyl)omega-hydroxy, ethoxylated acetylenicdiol, glyc- 

20 eryl monooleate, polyether modified dimethylpolysiloxane and mixtures thereof. 

9. An anti-fog coating, comprising: 

about 10 to about 80 wt%. based on the total weight of solids in said coating, of a hydroxyl group containing 
25 polymer selected from the group consisting of poly(vinyl alcohol), poly(vinyl acetate), cellulose ethers and mix- 

tures thereof; 

about 20 to about 90 wt%, based on the total weight of solids in said coating, of an aluminum containing 
crosslinker having an average dispersed particle size of less than about 1 micrometer, and selected from the 
group consisting of aluminum oxide, aluminum hydroxide, boehmite alumina, alumina hydrate, an aluminum 
30 salt and mixtures thereof: and 

a surface active agent containing hydroxyl groups, slloxane groups or a mixture of said groups. 

10. The coating according to claim 9, wherein: 

said hydroxyl group containing polymer is present in said coating in an amount of about 20 to about 60 wt%. 
35 based on the total weight of solids in said coating, and 

said aluminum containing crosslinker is present in said coating in an amount of about 40 to about 80 wt%, 
based on the total weight of solids in said coating. 

11. The coating according to claim 9. wherein said hydroxyl group containing polymer is a homopolymer. 

40 

12. The coating according to claim 9, wherein said hydroxyl group containing polymer is a copolymer. 

13. The coating according to claim 9, wherein said surface active agent is selected from the group consisting of non- 
oxynol. silicone glycol. poly(oxy-1,2-ethanediyl)-alpha(nonphenyl)omega-hydroxy, ethoxylated acetylenic diol. glyc- 

45 eryl monooleate, polyether modified dimethylpolysiloxane and mixtures thereof. 

14. A glass or plastic article having an anti-fbgging surface, comprising: 

(a) a glass or plastic material base sut)strate; and 
50 (b) on at least a portion of a surface of said base substrate, an anti-fog coating containing: 

a hydroxyl group containing polymer, 
an aluminum containing crosslinker. and 

a surface active agent containing hydroxyl groups, siloxane groups or a mixture of said groups: 
provided that said coating possesses a coat weight of from about 1 g/m^ to about 10 g/m^, a haze of 
55 about 5% or less and a T^g of greater than about 30 minutes. 

15. The glass or plastic article according to claim 14, wherein said anti-fog coating comprises: 

about 1 0 to about 80 wt%, based on the total weight of solids in said coating of said hydroxyl group containing 
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polymer, and 

about 20 to about 90 wt%, based on the total weight of solids in said coating of said aluminum coating 
crosslinker. 

1 6. The glass or plastic article according to claim 1 5, wherein: 

said hydroxyl group containing polymer is selected from the group consisting of poly(vinyl alcohol). poly(vinyl 
acetate), cellulose ethers and mixtures thereof; 

said aluminum containing crosslinker is selected from the group consisting of aluminum oxide, aluminum 
hydroxide, boehmite alumina, alumina hydrate, pseudo-boehmite, aluminum salts and mixtures thereof; and 

said surfiace active agent is selected from the group consisting of nonoxynd, silicone glycol, poly(oxy-1,2- 
ethanediyl)-a!pha(nonphenyl)omega-hydroxy. ethoxylated acetylenicdiol. glyceryl monooleate, polyether modified 
dimethylpolysiloxane and mixtures thereof. 

17. The glass or plastic article according to claim 14. wherein said anti-fog coating comprises: 

about 20 to about 60 wt%. based on the total weight of solids in said coating of said hydroxyl group containing 
polymer, and 

about 40 to about 80 wt%, based on the total weight of solids in said coating of said aluminum coating 
crosslinker. 

18. Tlie glass or plastic article according to claim 17, wherein: 

said hydroxyl group containing polymer is selected from the group consisting of poly(vinyl alcohol). poly(vinyl 
acetate), cellulose ethers and mixtures thereof; 

said aluminum containing crosslinker is selected from the group consisting of aluminum oxide, aluminum 
hydroxide, boehmite alumina, alumina hydrate, aluminum salts and mixtures thereof: and 

said surface active agent is selected from the group consisting of nonoxynoi. silicone glycol, poly(oxy-1,2- 
etfianediyl)-alpha(nonphenyl)omega-hydroxy, ethoxylated acetylenicdiol, glyceryl monooleate, polyetiier modified 
dimethylpolysiloxane and mixtures thereof. 
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